Abstract
chloroform and methanol were supplied from Merck (Darmstadt, Germany). All the 1 solvents and reagents except DBSA were at least of 99% purity. Water was purified on 2 a Milli-QUltrapure 109 system (Millipore, Molsheim, France). under vacuum and washed with a mixture of 1:1 water:acetone. The PANI-HCl was 10 obtained as a dark green powder after drying at 40 ºC in vacuum until constant weight.
11
The polymerization of polyaniline doped with DBSA (PANI-DBSA direct synthesis)
12
(P2) was prepared according to the method described by Dopico et al [23] .
13
For the indirect synthesis, PANI-HCl prepared as described in the preceding paragraph, with large volumes of acetone to remove excess free acids. Finally, the products were 21 filtered under vacuum and dried in vacuum at 40 ºC for 2 days [11] .
22
After polymerization, the polyanilines thus prepared were stored inside an opaque 23 container in a desiccator, to protect them from light and moisture until tests execution. Table 1 . Experimental procedure for the synthesis conditions of doped PANI. Regarding P1, the rate of the aqueous polymerization at room temperature, with higher On the other hand, P2 has been prepared by aqueous/organic interfacial polymerization 7 in the presence of DBSA with lower aniline: acid and aniline: APS ratios and at lower and P2 with longer, wider and more interconnected nanorods (Fig. 1C Inset) . The 
24

Chemical composition by FTIR, elemental analysis and XPS
14
The alternative arrangement of quinoid and benzenoid rings in PANI (half oxidized/half 15 reduced emeraldine base (EB)) plays a significant role towards the achievement of high 
Elemental Analysis and XPS
17
The chemical composition analyses of polyaniline samples are determined utilizing both 18 elemental analysis (Table S1 ) and XPS analysis (Table 2) .
19
The best way to calculate the protonation degree is to quantify the various nitrogen Table 2 ). These results are coherent with the Q and B band shifts observed in the FTIR. P2, P3 and P4, respectively (Table S1 ). Hence, the elemental analysis can be used to 31 estimate the extent of doping when organic sulfonic acids are used as dopant [39] .
Nevertheless, the S/N surface ratios (Table 2) Table S1 , and 0.21 at the surface, Table 2 ). In agreement with the FTIR spectra,
18
sulfur containing species are completely eliminated by neutralization with ammonium 19 hydroxide (P1 base, Table S1 ).
20
Furthermore, the fraction of positively charged nitrogens in P1 is superior to the sum of 21 the Cl/N and S/N contents. In order to find out the real contribution of the different allotted to the neutral -HSO 3 form (Area% = 49 and 65.55, for P2 and P3, respectively).
10
Combining with the total sulfonation levels of The crystallinity and orientation of conducting polymers have been of much interest The two samples obtained by direct synthesis exhibit partial crystallinity although P2 
13
The amorphous base becomes slightly crystalline when redoped with DBSA (P3) and 14 NaSIPA (P4). P3 exhibits a sharp peak at 2θ= 2.7º together with amorphous scattering 15 centered at 2θ=19.2º and some weak features at ~25º. The wide angle peak at ~19.2º
chains, whereas the peak at the low angle is a characteristic feature of an interlayer closer to P2 or slightly higher.
12
As stated before, contrary to P2, P3 forms a lamellar type structure consisting of PANI Regarding P4, the first weight loss is due to bound and free water, whereas the weight 9 loss over 371 °C involves the degradation of both NaSIPA dopant and the polymer (the 10 derivative weight curve shows two unresolved minima at 410 and 490 °C, respectively).
11
P4 has higher thermal stability than the two PANI-DBSA despite the lower degree of 12 crystallinity compared with P2, owing to the superior thermal stability of the dopant 
Thermal stability of DC conductivity
17
The room temperature conductivity of the four doped-PANI samples has been measured 18 by the four-point probe technique ( Table 2) . As expected, the largest electrical although they may simultaneously favor the chain alignment.
27
In relation with P3, the dedoping-redoping approach together with a molar aniline: On the other hand, P4 shows the lowest conductivity of the four samples (σ = 3.9 S/cm). indirectly NaSIPA-doped PANIs. Despite the fact that P4 has the same nanorod 3 morphology than P1 and the oxidation state of the emeraldine structure, the low 4 conductivity is mainly ascribed to the small doping level and the low crystallinity 5 without layered structure.
6
Furthermore, for the three samples doped with organic sulfonic acids the doping levels From another point of view, the thermal stability of the electrical conductivity strongly 10 depends on moisture content, the chemical nature of the dopants and the crystal 11 structure. Figure 4A shows that P2 relative conductivity remains practically constant 12 upon heating from 25 to 200 ºC at 2 ºC/min, whereas P1 conductivity sharply decreases 13 after 50 ºC, followed by P4 and the gradual loss of P3. there is a negligible increase in the relative conductivity of 0.31% at the end of the 10 experiment.
11
More to the point, P2 and P3 exhibit reverse behavior in each cycle. P2 increases the 12 electrical conductivity with temperature (and vice-versa), while P3 shows a decrease in 13 electrical conductivity with increasing temperature. The conductivity variation of P2 14 may be explained by the thermal doping concept (Fig. 5A) . Owing to the presence of 15 free DBSA molecules entangled at the surface, with the increase in temperature more
16
DBSA can be doped into polyaniline by thermally enhanced mobility [14, 48, 49] .
17
The thermoreversibility of P3 (Fig. 5B ) is believed to be due to the lamellar type 
21
Owing to superior conductivity retention with temperature, the two PANI-DBSA doped route. In relation with repeatability, the former exhibits a small drop in relative 27 conductivity (2.79%) at the end of the fourth cycle, assigned to its greater moisture 28 content, whereas the latter displays a slight increase of 0.31%.
29
In summary, both kinds of DBSA doped polyanilines, which can be prepared by Macromolecules 32(9) (1999) 3114-3117. 
27
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